The full-length genomic DNA of MCAT (Malonyl-CoA:acyl carrier protein transacylase) in Brassica napus was cloned. BnMCAT shares very high identity with AtMCAT in gene sequence and gene structure. A multiple alignment of the protein sequence showed that BnMCAT shares high identity with other MCATs from E. coli and plants. BnMCAT was expressed in all tissues, such as roots, stems, leaves, flowers, and seeds, and no significant differences in the expression level were found in different embryo stages after pollination. According to an in vitro relative activity analysis, purified recombinant BnMCAT expressed in E. coli had transacylase activity. Although the relative activities of BnMCAT in crude extracts isolated from different staged embryos were similar and showed little variation, a higher relative activity was found in a crude extract isolated from embryos in comparison to leaves. Different relative activities of BnMCAT in crude extracts isolated from cultivars with different oil content were also found, suggesting that the activity of BnMCAT might be a decisive factor for a high oil content. Together, these results showed that BnMCAT is an important enzyme in the FAS system and indicate that BnMCAT might be a new target enzyme for future crop improvement through genetic engineering.
Introduction
Fatty acid biosynthesis is catalyzed by different enzymes, depending on the species. These enzymes can be divided into two types. In the type I (Fatty acid synthesis I, FAS I) system found in many eukaryotes, the biosynthesis of fatty acids is catalyzed by a single large and multifunctional polypeptide. In contrast, in the type II (Fatty acid synthesis II, FAS II) system found in most bacteria and plants, the biosynthesis of fatty acids is catalyzed by a series of small soluble proteins that are each encoded by discrete genes [1] .
The malonyl-CoA:acyl carrier protein transacylase (MCAT), a key enzyme in the FAS II pathway, is responsible for transferring the malonyl group from malonyl-CoA (malonyl-coenzyme A) to the -SH group of ACP (acyl carrier protein) and then forming the free CoASH and malonyl-ACP. Malonyl-ACP is the two-carbon donor required for the elongation steps in fatty acid biosynthesis. Previous studies indicate that the MCAT enzyme performs a two-step reaction in which MCAT first binds to malonyl-CoA to form a stable tetrahedral malonyl-MCAT intermediate; the holo-ACP then docks on the surface of the intermediate via a hydrophobic interaction to receive the malonyl chain. In fact, MCAT induces an upstream reaction and may be the essential building block in the fatty acid biosynthesis cycle [2] [3] . In addition, MCAT can provide acyl-ACP thioesters for the biosynthesis of aromatic polyketides, including the largest classes of secondary metabolites, such as tetracyclines and erythromycins [3] [4] .
A partial cDNA of the MCAT gene was previously cloned from Brassica napus; this sequence encodes 351 amino acids and shows 47% homology to E. coli MCAT. The partial B. napus MCAT clone can restore the growth of a temperature-sensitive E. coli MCAT mutant (Fab D89) at 39˚C [5] . However, no full-length cDNA or genomic DNA of Brassica napus MCAT has been reported to date.
Oils are glycerol triesters of fatty acids and are mainly derived from plant sources. Brassica napus, a widely grown plant, is an important source of edible oil, providing approximately 13% of the world's supply of vegetable oil [6] . Thus, it is important to study the fatty acid biosynthesis pathway to improve oil quality and increase the oil content of Brassica napus. Indeed, investigations of MCAT, an important enzyme in the FAS II system, will help to elucidate the basis molecular mechanism of fatty acid biosynthesis in Brassica napus.
In this study, we report the full-length genomic DNA and full-length open reading frame of MCAT in Brassica napus. BnMCAT shares a very high identity with AtMCAT in gene sequence and gene structure. A multiple alignment of the protein sequence showed that BnMCAT also shares high identity with other MCATs from E. coli and plants. BnMCAT was found to be expressed in all tissues, including the root, stem, leaf, flower, and seed, and no significant differences in expression were found in embryos of different stages after pollination. An in vitro relative activity analysis showed that purified recombinant E. coli-expressed BnMCAT possesses transacylase activity. The relative activities of BnMCAT in crude extracts isolated from embryos at different stages were similar, with little variation. However, a higher relative activity was found in an embryo crude extract than leaf crude extract. Different relative activities of BnMCAT in crude extracts of cultivars with different oil content were also found, suggesting that the activity of BnMCAT might be a decisive factor in a high oil content. All these results demonstrate that BnMCAT is an important enzyme in the FAS system and indicate that BnMCAT might be a new target enzyme in future crop improvement through genetic engineering.
Materials and Methods

RNA Isolation
Brassica napus was grown in the farm of Nanjing Agricultural University and the greenhouse of Wuhan University. Immature seeds at 20 -40 days after pollination (DAP) were collected, immediately frozen in liquid N2, and stored in a freezer at −80˚C. Total RNA was extracted from the immature seeds using Plant RNA Purification Reagent (Invitrogen). When necessary, the total RNA was treated with RNase-free DNase I (ToYoBo). The first-strand cDNA was synthesized using 2 μg of total RNA with Superscript II (Invitrogen) and Oligo(dT)18.
RT-PCR and Gene Cloning
The following primers were designed based on the partial sequence of BnMCAT cDNA published by Simon and Slabas [5] : BnMCAT 5' primer 1 (5' TTGTTCGCCGACTACAAACCC 3') and BnMCAT 3' primer 1 (5' GATGTTTTCGACGCTAGCA 3'). PCR was conducted in a 50-μl final volume including 0.5 μl cDNA tem-plate, 1 × LA Taqase buffer, 200 μM deoxynucleotide triphosphates (dNTPs), 400 nM each primer, and 2 units LA Taqase polymerase (TaKaRa). The PCR conditions included an initial denaturation at 94˚C for 3 min, followed by 30 cycles of 94˚C for 30 s, 55˚C for 30 s, and 72˚C for 1 min per kb, with a final extension at 72˚C for 10 min. The PCR products were gel purified using a quick gel extraction kit, cloned into the pBS-T vector, and sequenced from both ends by Sunny Biology Company. BnMCAT 5' primer 2 (5' ATGCGTTCACTGCTTCAC-CG 3') and BnMCAT 3' primer 2 (5' CCGCCTCACGAACACGG 3') were designed based on the sequencing of the PCR product and the AtMCAT cDNA sequence. The PCR conditions were the same as described above.
For the semi-quantitative PCR analysis, 0.5 μl of the reverse transcription reaction was subjected to PCR using gene-specific primers, BnMCAT 5' primer 1 (5' TTGTTCGCCGACTACAAACCC 3') and BnMCAT 3' primer 1 (5' GATGTTTTCGACGCTAGCA 3'). Constitutively expressed Ubiquitin or Actin was used as an internal control. Each PCR assay was independently performed at least three times.
Cloning of Genomic BnMCAT DNA
The genomic DNA of Brassica napus was isolated using the CTAB method. The BnMCAT genomic DNA was amplified by PCR using BnMCAT 5' primer 2 (5' ATGCGTTCACTGCTTCACCG 3') and BnMCAT 3' primer 1 (5' GATGTTTTCGACGCTAGCA 3'). The PCR product was sequenced by Sunny Biology Company.
Alignment of the MCATs from Different Cultivars
Omiga software was used to align the MCATs from different species of B. napus. BLAST at NCBI web (http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to analyze the multiple sequence alignments of MCATs isolated from plants, animals, and pathogens. Sequence reassembly was performed using the DNAStar software (http://www.DNAStar.com).
Expression and Purification of BnMCAT in E. coli
The BnMCAT gene was amplified by PCR from Brassica napus cDNA using the following primers: BnMCATsense, 5'-CG GAA TTC ATG CGT TCA CTG CTT CAC-3' (containing an EcoR I restriction site, underlined) and BnMCAT-antisense, 5'-CCG CTC GAG TCA AGC ACT GAT GTT TTC-3' (containing an Xho I restriction site, underlined). The 1196-base pair PCR product was purified, digested with EcoR I and Xho I, and ligated to pET28a (Novagen) digested with the same enzymes. The DNA insert was sequenced to verify the absence of PCR artifacts. The resulting plasmid, designated pET28a::BnMCAT, was used to transform E. coli DE3 (BL21) for over-expression of the recombinant protein.
An overnight culture of E. coli DE3 (BL21) carrying pET28a::BnMCAT was used to inoculate a large volume of LB broth supplemented with 25 μg/ml kanamycin and incubated at 37˚C with shaking until the optical density at 600 nm reached 0.6 -0.8. The culture was then induced with 1 mM isopropyl-β-D-thiogalactopyranoside (IPTG). Growth was continued for another 4 h at 37˚C, and the cells were harvested by centrifugation. The pellet was resuspended in breaking buffer (20 mM phosphate buffer (pH 7.4), 0.5 M NaCl, 0.1 mg/ml lysozyme (Sigma), with DNase, RNase, and 1 mM PMSF) on ice for approximately 30 min. After brief sonication, the mixture was centrifuged at 14,000 r/min for 30 min at 4˚C. The supernatant was collected and applied to an Ni-NTA column (1 ml, QIAGEN) that had been equilibrated with breaking buffer. The column was extensively washed with phosphate buffer (pH 7.4)/0.5 M NaCl and eluted with a stepwise gradient of imidazole (50 mM -200 mM). Fractions (1 ml) were collected, and the presence of BnMCAT was detected by 12% SDS-PAGE. Fractions containing pure BnMCAT were pooled, dialyzed against 20 mM Tris/HCl (pH 7.4), and used for enzyme analyses or stored at −70˚C.
Assay of Malonyl-CoA:ACP Transacylase in Vitro
Immature seeds at 20 -40 days after pollination (DAP) were peeled and ground in extraction buffer containing 20 mM Tris-HCl (pH 8.0), 2 mM dithiothreitol, and 5% (v/v) glycerol at 100 mg of tissue per ml of buffer. The initial homogenization and all subsequent steps were performed at 4˚C. The homogenates were centrifuged at 8000 r/min for 30 min to remove the debris, and the pellets were redissolved and dialyzed against 25 mM Tris buffer with pH 7.8 for 6 h. The dialyzed fraction as the crude extract was immediately used to analyze the en-C. N. Qu et al. 2602 zymatic activity of MCAT.
The activity of malonyl-CoA:ACP transacylase was assayed in a final volume of 150 μl with 120 μl of crude extract using a modification of the method described by Martínez-Force et al. [7] and Kremer et al. [8] . The crude extract was omitted from control assays. Reaction mixtures containing 20 mM Tris-HCl (pH 8.0), 17 μM ACP (E. coli FAS holo-ACP, purchased from Sigma), 5 μM [2-14 C] malonyl-CoA (4.5 mCi/mmol), and 0.5 mM 2-mercaptoethanol were incubated for 1 min at room temperature. The reactions were stopped by the addition of the same volume of 10% trichloroacetic acid (TCA), maintaining the mixture on ice for 10 min. The samples were diluted with 1 ml of 5% TCA and centrifuged (5 min at 15,000 × g). The supernatants were discarded, and the pellets were washed with 1 ml of 5% TCA and then re-dissolved in 25 μl of 50 mM MES (pH 6.3). After adding 3 ml of solvent scintillant reagent, the radio-activity was measured using a calibrated scintillation counter (Beckman LS 6500). EXCEL software were used in statistics analysis. Data are means (±SD) of three biological replicates.
The protein concentration was determined by the method of Bradford using BSA as a standard [9] .
Results
Cloning and Sequence Analysis of BnMCAT
MCAT is a key enzyme in the plant fatty acid biosynthesis pathway, and MCAT cDNA sequences have been isolated from a number of plants, such as Arabidopsis thaliana, Perilla frutescens, Capsicum annuum, Oryza sativa, and Arachis hypogaea. The partial cDNA of BnMCAT without the start codon was isolated in 1998 by Simon and Slabas [5] , and full-length BnMCAT was cloned based on this result. The full-length BnMCAT sequence contains an OFR of 1179 bp, with a start codon ATG and a stop codon TGA, and shows very high similarity in both sequence and structure with AtMCAT (76% identity in genomic DNA sequence and 89% identity in OFR sequence) (Figure 1(a) and Figure 1(b) ).
The partial cDNA of BnMCAT reported by Simon and Slabas [5] has 1200 bp, encoding 351 amino acids that show 47% homology to E. coli MCAT [5] . The deduced amino acid sequence of full-length BnMCAT consists of 392 residues, with a calculated molecular mass of 41.5 kDa and a pI of 8.88. Although the partial Bn-MCAT sequence shows 47% homology to E. coli MCAT and can functionally complement the E. coli mutant Fad D89 [5] , the full-length gene does not show high homology (only 33%) with E. coli MCAT. In contrast, the full-length BnMCAT shares high homology with other MCAT sequences isolated from plants, such as AtMCAT (88%), OsMCAT (71%), AhMCAT (77%), CaMCAT (74%), GmMCAT (84%), and PfMCAT (73%) (Figure 2) .
The following was previously reported for the E. coli MCAT active site: Ser92 is hydrogen bonded to His201, Gln250 can serve as an H-bond acceptor, Gln11 can serve as an H-bond donor during interaction with His201, and Arg117 might play a role in binding the free carboxyl group [6] [10] . BnMCAT, Gln96, Ser181, Arg206, His294, and Gln343, equivalent to E. coli MCAT Gln11, Ser92, Arg117, His201, and Gln250, are conserved in higher plants, including Arabidopsis thaliana, Oryza sativa, Arachis hypogaea, Capsicum annuum, Glycine max, and Perilla frutescens (Figure 2) . The GLSLGEY motif containing the catalytic residue is completely conserved in higher plants and is comparable to the GHSLGEY motif in E. coli MCAT (Figure 2). 
The Expression of BnMCAT in Brassica napus
RT-PCR was used to analyze the expression of BnMCAT in Brassica napus. BnMCAT was expressed in all the tissues, including roots, stems, leaves, flowers, and seeds (Figure 3(a) ). MCAT is a key enzyme in the FAS II pathway to synthesize the fatty acids that are the important components of lipids, which are the basic components of the cellular membranes [11] . Accordingly, it is necessary for MCAT to be expressed in all tissues to provide these necessary fatty acids as material for lipid synthesis.
As the site of rapeseed oil storage, a large amount of fatty acids are biosynthesized in the seed. Therefore, the expression level of BnMCAT at different stages of the immature seed was also analyzed (Figure 3(b) ). No significant differences in the expression level were found in different embryo stages at 10, 20, 30, 35, and 40 days after pollination, suggesting that MCAT might be sufficient to meet the normal fatty acid synthesis demand in plants [12] . 
Expression and Purification of BnMCAT in E. coli and Enzymatic Activity Analysis
Three BnMCAT genes from three cultivars with different oil content, named 7352, 7405, and 7708, were over-expressed in E. coli. The recombinant proteins were purified by affinity chromatography using a Ni + -NTA affinity column. The SDS-PAGE results showed that pure recombinant proteins were eluted with 100 mM imidazole (Figure 4) . After dialysis against 10 mM Tris/HCl (pH 7.4) for approximately 8 h at 4˚C, each recombinant BnMCAT was used for an enzymatic activity analysis.
All the recombinant proteins showed high transacylase activity in an in vitro enzymatic activity assay, with no difference in enzymatic activity found among the three recombinant proteins derived from cultivars with different oil content ( Table 1 ). This result indicated that, although there is some variation in amino acid sequence among these BnMCATs, these amino acids might not be key residues for enzymatic activity.
The kinetic parameters of the three recombinant BnMCATs were determined using double-reciprocal analyses of the data at various concentrations of ACP. The results are the average of three determinations performed in duplicate. The Km for 7352, a low oil content cultivar, was 1.64 ± 0.23 μM, and the Km for 7708, a high oil content cultivar, was 1.57 ± 0.34 μM. These results indicated that the BnMCATs from different cultivars have a similar Km for ACP, suggesting that BnMCATs from different cultivars have the same affinity for ACP. Total RNA was extracted using Plant RNA Purification Reagent. First-strand cDNA was synthesized from 2 μg of total RNA using Superscript II and Oligo(dT)18. A 0.5-μl aliquot of the reverse transcription reaction was subjected to PCR using gene-specific primers BnMCAT 5' primer 1 (5' TTGTTCGCCGACTAC-AAACCC 3') and BnMCAT 3' primer 1 (5' GATGTTTTCGACGCTAGCA 3'). Actin was used as an internal control. R, root; L, leaf; St, stem; S, seed; F, flower. 
Enzymatic Activity of BnMCAT in Rapeseed
As an important enzyme in fatty acid biosynthesis, the enzymatic activity of MCAT in crude extracts isolated from rape leaves and different embryo stage were analyzed ( Table 2) ; the results are the average of three determinations performed in duplicate. The values for BnMCAT activity in crude extracts were comparable to those found in spinach and sunflower crude extracts [7] [13] [14] . The relative activity of BnMCAT was similar at different embryo stages, with little variation, and a higher relative BnMCAT activity was found in embryos than leaves. The highest relative activity was found in 30-DAP (days after pollination) embryos, the walking stick stage. It was previously shown that abundant oil bodies are deposited in 30-DAP embryos [15] , and the deposition of oil bodies requires a large quantity of fatty acid-comprised lipids. Therefore, oil deposition might pro- mote fatty acid biosynthesis in embryos, and the activity of MCAT, as the most important enzyme in fatty acid biosynthesis, may be enhanced to meet this demand.
Effect of pH and Temperature on the Relative Activity of BnMCAT in Rapeseed
Enzymatic activity is affected by many factors, such as pH, temperature, and inhibitors [16] . Accordingly, we analyzed the effect of pH and temperature on the relative activity of BnMCAT to identify the optimal reaction conditions for this enzyme.
BnMCAT showed a typical bell-shaped pH-dependence profile in the range of pH 5.0 -10.0. Maximum activity was observed at pH 8.0, and this was reduced by approximately 30% maximum at pH values of 5.0 and 10.0 ( Figure 5 ). This pH activity curve for BnMCAT is similar to that of GmMCAT, with a pH optima for GmMCAT at approximately 8.5; the GmMCAT curve also displayed a rather broad pH range for maximal activity between pH 7.5 and pH 8.5 [14] .
It was previously reported that the activity of GmMCAT was reduced by 50% when MCAT was exposed to 50˚C for approximately 5 min, indicating that temperature can inhibit the relative activity of MCAT by destabilizing the protein [14] . BnMCAT also exhibited a temperature-dependent profile in the range of 20˚C to 50˚C. BnMCAT showed maximum activity at 25˚C, and the relative activity showed a decreasing trend when the reaction temperature was increased: the relative activity was reduced to approximately 30% of the maximum at 50˚C (Figure 5 ).
Activity of MCAT from Cultivars with Different Oil Content
Although rapeseed is one of the most important oil sources, it remains unknown whether the activities of fatty acid biosynthesis enzymes affect the rape oil content. Twelve cultivars with different oil content were chosen for an analysis of the relationship between the oil content and relative BnMCAT activity in immature seeds at 30 days after pollination (Figure 6(a) ). The oil content from cultivar No. 1 (7352) to cultivar No. 12 (7708) increased gradually from 36.92% to 48% (Figure 6(a) , curve 1). However, the relative BnMCAT activity did not increase gradually and smoothly (Figure 6(a), curve 2) . Indeed, the relative activity was at a very high level in some low oil content cultivars, such as in No. 1 (7352) and No. 3 (7351), whereas the relative activity was low in some high oil content cultivars, such as No. 8 (7353) and No. 10 (7699). Although it appears that there is no relationship between the oil content and relative activity, the increasing tendency of the relative activity in the 12 cultivars with the oil content suggests that the relative activity of BnMCAT might be related to the oil content in B. napus (Figure 6(a) , curve 3). Because MCAT is an important enzyme in fatty acids biosynthesis, the expression level might be related to its activity, thereby affecting the oil content. Therefore, the expression level of the BnMCAT gene in the different cultivars was analyzed (Figure 6(b) ). Total RNA was isolated from immature seeds at after 30 days pollination, and the RT-PCR results showed that the expression level of BnMCAT in the low oil content cultivars was lower than that in the moderate and high oil content cultivars. However, this pattern did not fit for the middle and high oil content cultivars because the expression level of BnMCAT in the middle oil content cultivar was higher than in the high oil content cultivar (Figure 6(b) ). Comparing this result with the relative activity in the different cultivars, no relationship was found for the relative activity of BnMCAT and the expression level of BnMCAT. Indeed, a high expression level did not indicate a high relative activity because the relative activity of BnMCAT was affected by several factors, such as pH and temperature (Figure 5) , and other, unknown factors. These results demonstrated that the expression level of BnMCAT did not determine the relative activity of BnMCAT and the rapeseed oil content.
As the genetic background is one of the most important factors affecting the oil content, the genetic relationship among the 12 cultivars was analyzed (Figure 6(c) , with the oil content and relative BnMCAT activity shown in parentheses). The oil content and relative BnMCAT activity showed a similar trend among cultivars with a close genetic relationship, such as 7350 and 7699, though 7699 cultivar had a higher oil content and relative activity than 7350. Although the 7351 and 7352 cultivars also displayed this pattern, a very high relative BnMCAT activity was found in these cultivars with a very low oil content, suggesting that there are internal factors determining the oil content and that MCAT activity is only one of them. All these results further demonstrated that the relative activity of BnMCAT played an important role in determining the oil content of B. napus, particularly in those cultivars with a close genetic relationship. MCAT has received much attention as a possible antibiotic target because FAS II differs from FAS I in mammals, and great progress has been made over the last decade with regard to MCAT in pathogenic bacteria. Analyses of the crystal structures of MCAT from Escherichia coli [17] , Streptomyces coelicolor [3] , H. pylori [18] , M. tuberculosis [19] , Staphylococcus aureus [20] , Streptococcus mutans strain UA159 [21] , and Xanthomonas oryzae pv. Oryzae [22] have suggested that MCAT is one of the most promising targets for antibacterial agent discovery. Furthermore, it was reported that MCAT is the major target of isoniazid in tuberculosis treatment [23] . Regardless, the important roles of MCAT in plants have not been described to date. However, plant MCAT activity has been verified through direct experimental evidence in vitro [24] , and ACP has also been shown to have transacylating activity both in an FAS system and polyketide synthesis system [2] , [25] - [27] . Additionally, bacteria with a temperature-sensitive variant of MCAT may also be rescued by ACP [26] . As these results imply that MCAT might not be necessary for the FAS and polyketide synthesis systems, it is important and necessary to analyze the activity and functions of MCAT in plants to clarify the status of MCAT in these systems. This dispute might be resolved based on an analysis of TcmM, an ACP in S. glaucescens, whereby a rigorous set of experiments showed that the self-malonylation of ACP was an artifact of the expression and purification protocols [28] . Further evidence is based on a genetic analysis in which the genetic inactivation of the MCAT gene has been shown to be lethal in all major pathogens investigated [29] . Such plants as in Brassica napus, Arachis hypogaea, and Arabidopsis have only one MCAT gene [5] [19] . In Arabidopsis, no T-DNA insertional mutant for AtMCAT was found because the deletion of MCAT is lethal for plant growth and development, and plants harboring an RNAi targeting AtMCAT showed less flowers and seeds and a dwarf phenotype (data not shown). These results demonstrate that MCAT cannot be complemented by ACP or other C. N. Qu et al. 2608 enzymes in plants.
The Relative Activity of Malonyl-CoA:ACP Transacylase (MCAT) Plays an Important Role in Determining the Oil Content in Rapeseed
It was previously shown that the over-expression of E. coli MCAT in rape and tobacco could not enhance the fatty acid and lipid content in seeds [12] . Based on this result, researchers maintained that MCAT does not catalyze the rate-limiting step in plant fatty acid biosynthesis and disregarded the functional analysis of plant MCAT. In contrast, Jeon et al. [30] and Zhang et al. [31] reported that the over-expression of E. coli MCAT can improve fatty acid production in E. coli, suggesting that MCAT is the most important enzyme in fatty acid biosynthesis and can affect the overall synthesis. Our results showed an increasing tendency of the relative activity of BnMCAT in 12 cultivars with an increasing oil content; at the same time, the expression level of BnMCAT in these cultivars showed no relationship with the oil content and relative activity. It was reported that, when the level of activated MCAT was increased in a reconstituted spinach FAS system, a noticeable increase in [
14 C] malonyl-CoA incorporation and stearic acid formation was observed [24] . Thus, the enzymatic activity of MCAT is the most important factor determining fatty acid production and oil content. The over-expression of E. coli MCAT in E. coli might result in a high relative activity, thus improving fatty acid production [30] [31] . This hypothesis may also be used to explain why E. coli MCAT could not enhance the quantity of fatty acids when over-expressed in tobacco and rape, as E. coli MCAT may have a low enzymatic activity in transgenic plants [12] .
Enzyme activity is affected by environmental conditions, and altering the environmental conditions can alter the reaction rate of the enzyme. pH and temperature are the main factors affecting enzymatic activity [16] , and our results showed that BnMCAT has maximum activity at 25˚C and pH 8.0, with the relative activity decreasing when the pH and temperature were changed. Furthermore, the BnMCAT amino acid sequence in different cultivars showed a very low diversity. Although the recombinant proteins from the different cultivars showed similar activity in vitro (Figure 4) , the native BnMCAT enzymes had different activity (Figure 6(a) ). These results indicate that there are unknown factors in rapeseed plants that influence the relative activity of BnMCAT.
Our results may explain why the same cultivars of rape have different sees oil content when planted in different locations or in different years, as environmental conditions affect the activities of BnMCAT and the other enzymes involved in fatty acid synthesis and oil accumulation. Our results suggest a new method to improve the oil content in rapeseed by increasing the relative activity of the main enzymes in fatty acid and oil syntheses.
Biotechnology-based approaches are important methods to enhance the oil content in rape seed. Our results showed that BnMCAT is an important enzyme in the FAS system and that BnMCAT might be a new target enzyme in future crop improvement through genetic engineering.
Highlights
1) In this paper, a full-length genomic DNA of BnMCAT was cloned and analyzed. BnMCAT showed high identity to AtMCAT and other plant MCATs in both DNA and amino acid sequences.
2) Purified recombinant BnMCAT exhibited transacylase activity. BnMCAT in crude extracts from different parts of Brassica napus plants had different relative activities, and a higher BnMCAT activity was found in the crude extract from embryos.
3) BnMCAT in crude extracts from cultivars with different oil content showed different relative activities, and a higher relative BnMCAT activity might be an essential condition for a high oil content in rapeseed.
Thus, as the most important enzyme in fatty acid synthesis, BnMCAT might be used to enhance oil contents through genetic engineering.
